The effect of two diets containing different protein sources (animal vs. soybean) on the low density lipoprotein (LDL) receptor activity was tested in freshly isolated mononuclear cells from 12 individuals with severe type II hyperlipoproteinemia. The two diets, both taken for 4 wk in a crossover design were of otherwise identical composition. During the soybean protein diet period, total cholesterol was reduced by 15.9% and LDLcholesterol by 16.4%. The diet containing animal proteins exerted no significant change in plasma lipid levels vs. the baseline findings. The soybean diet regimen dramatically affected the degradation of LDL by mononuclear cells. Degradation was increased 16-fold vs. the basal activity and 8-fold compared with the standard low lipid diet with animal proteins. There was, however, no clear relationship between the reduction of total and LDL-cholesterolemia and the increased LDL degradation. These findings confirm similar data previously obtained in cholesterol-fed rats and suggest that some factor/s, most likely of a protein nature, may regulate the expression of lipoprotein receptors in peripheral cells, particularly when receptor activity is suppressed by experimental diets and/or spontaneous hypercholesterolemia.
Introduction
The substitution of animal proteins in the diet with textured proteins from soy exerts a remarkable hypocholesterolemic activity in patients with type II hyperlipoproteinemia (1, 2) , while being essentially inactive in normolipidemic individuals (3, 4) . The mechanism/s whereby the soybean diet exerts its metabolic effects have been the object of intensive investigation (5) . In particular, in animal models, it has been clearly indicated that only animals fed cholesterol or lipid-rich diets respond with a plasma cholesterol reduction to the experimental regimen (6) . In rabbits, an increased sterol excretion (both neutral and acidic), as well as an increased sterol turnover in plasma (7), have been described. Although it was suggested, based on animal findings, that peptide products from the digestion of soy proteins may increase fecal steroid output (8) , our studies on cholesterol turnover and excretion in type II patients treated with the soybean diet, failed to show significant changes either in turnover or in excretion (9) .
In the search for alternative mechanism/s that might affect cholesterol metabolism during the experimental regimen, we recently examined the regulation of high affinity receptors for low density lipoproteins (LDL) in rodent liver, during a cholesterol-rich regimen with casein and with soy protein (10) . In these animals, as expected, a cholesteremic regimen significantly suppressed liver LDL receptors when administered in the presence of casein, a prototype animal protein (11) . In contrast, when the same regimen was given with soy proteins, LDL binding to liver membranes was unaffected (10) .
These findings suggested that the mechanism by which the soybean diet reduces cholesterolemia might be by way of an improved LDL receptor function, even in the presence of spontaneous or induced plasma cholesterol elevations. A recent study in normal volunteers (12) indicates that the addition of exogenous cholesterol to the diet leads to a rise of total and LDL-cholesterolemia when animal proteins are given concomitantly; when, however, the experimental diet is soy protein based, a reduction of LDL and an increase of high density lipoprotein (HDL) cholesterol levels are recorded. For these reasons, we decided to carry out a controlled evaluation of the LDL receptor activity in type II patients, receiving either a diet with predominant animal proteins or a diet with textured soy proteins (2) . In order to achieve the highest possible similarity between the two regimens, some exogenous cholesterol was added to the soybean protein diet that, on the other hand, was totally identical in percentage composition to the diet with animal proteins. Receptor (2) , which per se does not contain cholesterol. TVP was given in a granulated form (Cholsoy, Gipharmex SpA, Milan, Italy), allowing the preparation of a variety of food items, substituting for meat and dairy products (2) .
The experimental protocol called for 4 wk on a low lipid regimen with animal proteins, preceded or followed by 4 wk with the TVP regimen; the patients were randomly assigned to each sequence of treatments. Between the two diets, a period of 3-4 wk was allowed, when the patients were instructed to follow a "prudent" diet (14) with animal proteins and with < 10% of calories from saturated fat.
Plasma lipid and lipoprotein levels were determined at 2-wk intervals by enzyme methods (15, 16) , with ultracentrifugal separation of lipoproteins (17) .
LDL receptor activity of freshly isolated mononuclear cells was determined before the beginning ofthe experimental protocol (time 0) and at the end of each diet (soybean + cholesterol, low lipid). Venous blood (70-80 ml) was diluted 1:1 in plastic tubes containing EDTA (I mg/ml) and the appropriate buffer at pH 7.4 (d-glucose 0.1%; CaCl2 H20 5 X I0O-M; MgCl2 6H20 9.8 X l0-M; KCl 5.4 X 10-M; Tris 0.145 M), followed by a further dilution 1:10 with saline. Diluted blood was then stratified on Ficoll-Paque (18) (8 ml of blood and 10 ml of Ficoll). After centrifugation for 40 min at 1,800 rpm in a refrigerated centrifuge at 100C, mononuclear cells were separated at the interphase between Ficoll and plasma. The mononuclear cell band was transferred to plastic tubes containing 13 ml ofthe above described buffer. After 10 min centrifugation at 1,400 rpm at 10C, the precipitate was washed with buffer and recentrifuged for 10 min at 1,200 rpm. The precipitate was resuspended in medium 199 (Gibco Ltd., Paisley, Scotland) + 2% bovine serum albumin (BSA). Cells were counted on this suspension, in order to obtain 4 X 106 cell samples in a 0.3-ml volume of medium 199 + BSA 2%.
Receptor activity was measured by incubating mononuclear cells from the patients before and after the dietary treatments with 1251 labeled LDL from normal donors (19) , and expressed as LDL degradation. For each experiment, mononuclear cells were divided into four samples to determine total degradation, four samples for the assay of nonspecific degradation, and three "blank" samples. Each 10 ,000 rpm in a microfuge 12, (Beckman Instruments, Inc., Palo Alto, CA). The pellets were digested with 1 ml of 0.1 N NaOH overnight at 37°C for protein determination (20) . To 0.8 ml of the supernatants, 0.2 ml of 50% TCA was added followed by boiling, up to complete precipitation of the macromolecules, and centrifugation for 10 min at 10,000 rpm. The supernatants were added with 10 ;1 of KI 40% and 50 A of H202 30% to oxidize iodide to iodine; after extraction with 2 ml chloroform, 0.2 ml of the aqueous phase, containing exclusively 125I monoiodine, was counted for radioactivity.
Specific degradation was calculated by subtracting from the total the nonspecific degradations, represented by TCA soluble radioactivity in the respective samples after correction with appropriate blanks.
Statistical analysis of the data was carried out by ANOVA after logarithmic transformation of the data, by evaluating the significance ofthe effect between sequences (1 df), subjects within sequences (6 df), residual (30 df) . The level of significance was then determined by Student's t test as t = effect/SEM (21) .
Results
The soybean diet regimen significantly lowered total cholesterolemia both when given first and after the standard low lipid diet with animal proteins. The reduction was, respectively, of -18.1% and of -13.7% in the two sequences, whereas the effects of the low lipid regimen vs. baseline were negligible (Fig. 1) . Similarly, LDL-cholesterol was reduced by 16.4% (average of the two sequences). Of the 12 treated patients, 7 had an LDL cholesterol reduction in the excess of 15%, 1 of 10%, whereas 1 showed essentially no change of LDL-cholesterolemia vs. the standard low lipid diet with animal proteins. There was no modification of either triglyceridemia or HDLcholesterol in the whole group of participating patients. Body weight of the patients was stable throughout the study.
LDL degradation in mononuclear cells was dramatically affected by the soybean diet regimen. Data, expressed as ng of '251-LDL degraded/mg of cell protein/h, indicate a highly significant increase of degradation, both as compared with basal activity (16-fold) and as compared with the standard low lipid diet with animal proteins (8-fold) (Fig. 2) . The standard low lipid diet only determined a rise of receptor activity in four patients, of a modest degree. In the six patients who received the low lipid diet after the soybean regimen, receptor activity fell back to basal levels.
When examining individual changes of total cholesterolemia (reflecting the reduction of LDL-cholesterol) vs. changes in receptor activity, it was apparent that the low lipid diet was virtually ineffective on both parameters, whereas the soybean regimen increased receptor activity far in excess ofthe comparative standard regimen. It ties in normolipidemic individuals examined in this laboratory (6.11±1.7 ng/mg protein degraded/h, n = 6), are in a similar range as reported by other authors (13, 22) . There was no clear relationship between the reduction of cholesterolemia and the increase of LDL degradation (Fig. 3) . In particular, in two subjects, both with severe type II disease, results were grossly discrepant. Patient indicated with ] in Fig. 3 experienced a dramatic reduction of total (-28.6%) and LDL-cholesterol (-31.4%) levels. In spite of this, LDL degradation did not change (Fig. 4) whereas degradation was generally dramatically increased at the end of the soybean diet, with one exception (see Fig. 4 ).
of0 up to 21.3 ng/mg protein per h). This patient has a familial disease and suffered a myocardial infarction at age 34 yr; fibroblast typing was not carried out.
Discussion
The cholesterol lowering activity of the soybean protein diet in patients with severe type II hyperlipoproteinemia was confirmed in the present study and was associated with a remarkable up regulation of high affinity receptors for LDL in mononuclear cells. In these patients the LDL receptor activity, in the basal state, is very low or absent (24) ; this situation, according to most authors (13) , reflects the condition of liver cells, when exposed to elevated LDL concentrations. Another objective of this study was to establish the activity of the dietary substitution, when in the presence of a similar cholesterol intake, as in a standard low lipid diet with animal proteins. Although, from our early studies, it was clearly shown that the addition oflarge cholesterol loads (500 mg/d) does not impair the hypocholesterolemic activity of the soybean diet (1), it was frequently objected that an adequate comparison should involve only diets with an identical lipid composition (25). The reported findings, therefore, also confirm the recent observation that the dietary addition of cholesterol to normal volunteers only increases cholesterolemia within a diet with animal proteins (12) . When additional cholesterol was given to normolipidemic volunteers receiving a standard American diet, the expression of high affinity receptors for LDL in mononuclear cells was dramatically reduced (26) . Previous studies on the effects of different diets on LDL receptor activity in mononuclear cells have been limited. In one, as above reported, a down regulatory activity of cholesterol could be shown (26) ; in another, part ofthe Oslo Study of Cardiovascular Prevention, a low lipid diet led, in some individuals, to a moderately increased degradation of LDL by mononuclear cells (27) recently described similar findings with the inhibitor of cholesterol biosynthesis mevinolin (28) .
In this study, the degradation ofLDL by mononuclear cells was consistently elevated by the soybean protein diet, to an activity about eightfold higher than that achieved by a standard low lipid diet with animal proteins. There was, however, no significant correlation between the increased LDL receptor activity and the reduction of total or LDL-cholesterolemia. The activation ofLDL receptors in these cells is far in excess of that described by Sundberg and Illingworth (22) with colestipol treatment, while achieving a similar degree of mean plasma cholesterol reduction. Indeed, LDL receptor activity after the dietary treatment was, on the average, significantly higher than detected in normolipidemic subjects in our laboratory and elsewhere (13, 22, 25) . One exception to this general pattern was provided by a patient with documented heterozygous type II disease in whom, in spite of a remarkable reduction of cholesterolemia, no increase of LDL degradation in mononuclear cells could be detected. To rule out the possibility of a laboratory error, LDL degradation was determined twice in this patient (data not shown), both on the soybean and on the low lipid regimens, in all cases confirming the absence of receptor activation.
Since cholesterol homeostasis in freshly isolated cells may be influenced by other factors besides cholesterolemia, i.e., changes in LDL composition (29) or in the distribution of the different LDL subfractions (30) , it is possible that receptor activity, as determined in mononuclear cells, may not provide a full reflection of LDL receptors in the liver. Although not characterized in this study, the composition of LDL does not appear to be markedly altered by the soybean diet (9); moreover, comparative data on the cellular metabolism of LDL from normals and from type II patients have not shown dramatic differences (31) . Since the only patient with a discrepant response was a heterozygous type II individual, it might be suggested that receptor up regulation after the experimental diet should not take place in this type of patients. However, although a complete characterization was not carried out, at least three other patients had a genetic pedigree corresponding to type II heterozygosity, and all three conformed with the general pattern of response. We have recently reported the effectiveness of the dietary regimen in a child with homozygous, receptor-deficient type II disease (32) , and similar data have been provided by another European pediatrician (33) . It should be stressed that LDL from normolipidemic donors were used for the degradation studies, thus ruling out the possibility of a faulty interaction with cell receptors by hypercholesterolemic LDL (34) .
Based on our prior study in cholesterol-fed rats, where the activity of liver #l-VLDL receptors was enhanced by soy proteins in the presence of a massive cholesterol intake (10) , it may be surmised that some component/s of the experimental diet may affect receptor expression per se. Data from rabbit experiments by Kritchevsky et al. (35) have indicated that the arginine richness of the soybean diet may be responsible for the cholesterol lowering activity and that this activity may be counteracted by adding lysine to the experimental diet; the responsibility of a high arginine/lysine ratio has not been, however, confirmed by experiments with mixed aminoacid diets (36) . The hypothesis that some specific peptide component/s may be responsible for the cholesterol lowering activity and, in addition, for the described up regulation of LDL receptors, has been suggested (37) and should be the object of future experimental work.
